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http://dx.doi.org/10.1016/j.jmu.2012Purpose: Estimated fetal weight (EFW) is one of the most important parameters for assessing
fetal growth and development. If we use tables based on our own population, growth assess-
ment will be more accurate. A nomogram of EFWs of Bangladeshi population is prepared in this
study.
Participants and methods: This is a prospective, cross-sectional study conducted on well-
dated, singleton fetuses. Previously established nomograms produced on Caucasian and other
populations were compared with the data (obtained by regression analysis) obtained from this
study.
Results: Fetal charts of EFWs were constructed from 1223 participants. Percentiles, means,
and standard deviations (SDs) were derived. The model showed a good fit to the data. There
was a gradual increase of the EFWs. The increase of EFWs at 3rd, 10th, 50th, 90th, and 97th
percentiles was slow up to the 26th week of gestation, following which a linear growth rate
was observed up to term. SDs gradually increased towards term.
Conclusion: The findings suggest that this chart is exclusive for Bangladeshi population and can
be useful for accurate assessment of fetal growth and development, especially in the third
trimester. It can also be used for better assessment of fetal growth of other South Asian popu-
lation with similar stature.
ª 2012, Elsevier Taiwan LLC and the Chinese Taipei Society of Ultrasound in Medicine.
Open access under CC BY-NC-ND license.Introduction
Fetal growth and development is one of the most important
issues an obstetrician caring for the well-being of the fetusani, Dhaka Cantonment, Dhaka 1
.com.
C and the Chinese Taipei Society
.10.008and the mother needs to address. This is because a nor-
mally growing fetus with its size within the normal limits
means fewer complications during its prenatal and post-
natal stages. It also means fewer complications in its infant206, Bangladesh.
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216 S.Q. Rashidand childhood stages. In addition, it also indicates
a potentially healthy, intelligent, and well-grown adult.
Any abnormality in fetal growth, whether growth restric-
tion or growth acceleration, is a cause for worry as such
abnormalities are usually associated with the risk of
prenatal and postnatal morbidity and mortality. Therefore,
prenatal diagnosis of these conditions is very important to
the physician concerned, because it can help him/her to
decide not only the time, but also the mode of delivery.
This in turn reduces the risk.
More recently, ultrasound evaluation has been applied
to fetal size in utero so that fetuses that are small or large
for gestational age can be recognized and managed
appropriately [1]. It is a well-known fact that across
different communities and races, measurements, and thus,
the growth profile vary. For this reason, population stan-
dards have been developed [1].
Estimated fetal weight (EFW) is an important parameter
for assessing fetal growth and development. Results of
many studies in Bangladesh showed that our fetal biometry
is not the same as the Western population, and therefore,
the charts that are prepared based on Western populations
are not so suitable for our population [2e6]. If fetal
development is to be assessed, measurements must be
obtained and then compared with local standard values.
One should make sure to use tables that are appropriate for
one’s patients and not use tables derived from a different
population set [7]. Normative values must be evaluated to
determine which are most appropriate for the population
being studied. If appropriate standards cannot be found,
then they must be developed [8].
Therefore, we need growth profile charts based on
Bangladeshi studies for accurate prediction of fetal weight
and growth. The purpose of this study was to prepare
a fetal growth chart and table or fetal growth profile for
accurate assessment of fetal size and growth in Bangladesh.
This was done based on the EFWs derived from fetal
biometry of the three main parameters, namely, head
circumference (HC), femur length (FL), and abdominal
circumference (AC), by ultrasonography.
If such a growth profile is available on internet or
web sites, then obstetricians all over the world can use
it for their Bangladeshi or other South Asian patients
who have similar stature, but living in different parts of
the world.Participants and methods
Consecutive, healthy gravid participants were included in
a prospective, cross-sectional study. Each patient was
examined only once. The study population consisted of
13e40-week pregnant women. The participants were Ban-
gladeshis. The criteria for inclusion in the study were as
follows: patients with regular periods of 28  2 days cycle,
certain last menstrual period date that was consistent with
less than 20-week ultrasound scan and within two-standard
deviations (2SD), singleton pregnancy, no oral contracep-
tive use for 3 months before conception, no maternal
malnutrition (body mass index >18.5), no medical (dia-
betes, hypertension, gestational diabetes, impaired
glucose tolerance, etc.), surgical or obstetric complication,no tobacco or substance abuse, no fetal anomaly, and no
uterine anomaly or large fibroids.
The research protocol was approved by the Independent
Review Board and by the Institutional Ethical Research
Committee. Well informed consent was obtained from all
the patients before they were scanned.
This study was conducted from December 2004 to
November 2007. It was carried out in the capital city of
Dhaka, Bangladesh. Aloka Ssd-1100, with a 3.5-MHz curvi-
linear transducer was used for ultrasonographic examina-
tions. A sonologist (the author) with 28 years of experience
in obstetric ultrasonography performed all the scans.
Healthy gravid women meeting the study criteria were
included in the study. The data were collected irrespective
of age and socioeconomic status. The patients were
referred by obstetricians from hospitals, clinics, and from
private practice settings. This study and the statistical
analysis were carried out on a cross-section of consecu-
tively scanned women. Every member of the society, rich or
poor, therefore had an equal chance of being represented.
In order to get extremes of percentiles for a nomogram,
larger sample size was chosen, because it gives better and
more accurate results. The larger the sample size, the
greater precision the resulting percentiles will have.
Standard ultrasonographic scans of fetal HC, AC, and FL
were performed. HC was obtained at a level that showed
a smooth symmetric head, a well-defined midline echo,
paired thalami, cavum septum pellucidum, and the third
ventricle. Calipers that are open to the outline of fetal HC
were used. The technique of measuring the femoral length
involves an initial determination of the lie of the fetus and
locating the femur. Once the femur has been located, an
attempt is made to define both ends of the calcified
portion. The image is then frozen and the calcified portion
is measured by multidirectional electronic calipers. The
aim is to locate the femur, which is finely outlined and has
clear-cut ends [9]. After 32 menstrual weeks, the distal
femoral epiphysis is visible but is not included in the
measurement [10]. AC measurements were obtained by
tracing the appropriate circumference by calipers that is
open to the outline of fetal abdomen. This section, which
appears like a “hockey stick” (J shaped), is round with
confluence of the portal vein and hepatic portion of the
umbilical vein. The fetal weights were estimated by Had-
lock’s formula using fetal HC, FL, and AC.
Statistical Package for the Social Sciences was used for
data entry and statistical analysis. Regression analysis was
used to evaluate the relationship between EFW (in gram) and
menstrual age (in weeks). A log transformation reduced
heteroselasticity of the EFW. An additional advantage of
the log transformation was that the slope coefficient
measured the elasticity of dependent with respect to inde-
pendent, that is, the percentage change in dependent for
a percentage change in independent. Difference were
considered statistically significant if p< 0.05 and p< 0.001.Results
Fetal weights were estimated in 1223 healthy pregnant
women. Fig. 1 presents the distribution of participants in
each week of pregnancy from the 13th to the 40th week.
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Fig. 1 Distribution of 1223 participants in each week from
the 13th to 40th week of gestation.
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as this group constitutes the majority of the population in
Bangladesh. The participants were aged between 17 and 40
years (27  4.5 years) and 55% were primipara. The mean
parity value was 0.6 (0.78).Table 1 Fitted percentiles of estimated fetal weights (g) in Ba
Weeks of gestation No. of fetuses 3rd 10th
13 15 68.1 70.9
14 27 82.3 85.5
15 32 103.2 106.7
16 34 131.1 135.2
17 27 168.7 173.5
18 42 201.3 206.7
19 34 248.6 254.8
20 38 296.1 303.1
21 43 363.9 372.1
22 45 432.9 442.3
23 39 520.9 531.7
24 36 603.2 615.6
25 42 705.0 719.1
26 46 821.0 837.3
27 44 932.9 951.4
28 49 1063.0 1084.2
29 50 1210.2 1234.7
30 51 1279.5 1336.3
31 52 1408.1 1472.4
32 50 1557.4 1631.5
33 55 1692.9 1777.2
34 56 1851.4 1949.7
35 59 1985.4 2098.2
36 57 2109.6 2239.0
37 54 2214.9 2362.2
38 56 2303.6 2471.2
39 55 2376.3 2568.6
40 35 2427.3 2652.1
2SD Z two-standard deviation.Table 1 shows the number of observations and the esti-
mated values of the percentiles, means, and two-standard
deviations (2SDs) at each week of gestation from 13 to 40
weeks. The increase of EFWs at 3rd, 10th, 50th, 90th, and
97th percentiles was slow up to the 26th week of gestation,
after which a linear growth rate was observed up to term.
There was gradual increase of SDs, showing increasing
dispersion of data towards term.
At 13 weeks of gestation, the mean EFW was 76.9 g
(18.7), at 36 weeks it was 2515 g (431.3), and at 40
weeks it was 3131.5 g (749.1). The coefficient of multiple
correlations (R2) was 0.988 (p < 0.001). There was a gradual
increase of 2SD towards term, from 18.7 to 749.1 g.
Fig. 2 shows the growth profile without the raw data. It
can be used to follow the growth of a fetus. It shows the
3rd, 10th, 50th, 90th, and 97th percentile curves (95% confi-
dence interval or CI).
Fig. 3 shows the assessment of goodness of fit for the
EFW models. In addition, a plot of SD scores against
gestational age showing expected 2SD is also presented.Discussion
Literature is fraught with nomograms of different fetal
parameters, but they have all been generated by studies
based on Western population. Caucasians are differentngladesh. Total number of fetuses Z 1223.
50th 90th 97th Mean (g) 2SD (g)
76.9 82.9 85.7 76.9 18.7
92.2 98.9 102.1 92.2 21.0
114.3 121.9 125.4 114.3 23.6
144 152.8 156.9 144.0 27.4
183.7 193.9 198.7 183.7 32.0
218.1 229.5 234.9 218.1 35.7
268 281.2 287.4 268.0 41.3
318.1 333.1 340.1 318.1 46.8
389.5 406.9 415.1 389.5 54.4
462.3 482.3 491.7 462.3 62.5
554.8 577.9 588.7 554.8 72.2
641.9 668.2 680.6 641.9 82.3
749.3 779.5 793.6 749.3 94.3
872.1 906.9 923.2 872.1 108.8
991 1030.6 1049.1 991.0 123.6
1129.4 1174.6 1195.8 1129.4 141.3
1287 1339.3 1363.8 1287.0 163.3
1457.6 1578.9 1635.7 1457.6 189.5
1609.7 1747.0 1811.3 1609.7 214.5
1789.6 1947.7 2021.8 1789.6 247.0
1957.2 2137.2 2221.5 1957.2 281.2
2159.6 2369.5 2467.8 2159.6 327.9
2338.8 2579.4 2692.2 2338.8 376.0
2515 2791.0 2920.4 2515.0 431.3
2676.3 2990.4 3137.7 2676.3 490.8
2828.7 3186.2 3353.8 2828.7 558.6
2978.7 3388.8 3581.1 2978.7 640.8
3131.5 3610.9 3835.7 3131.5 749.1
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Fig. 2 Growth profile chart of Bangladeshi fetuses. It can be
used to see the growth trend of any fetus. It gives the 3rd, 10th,
50th, 90th, and 97th percentile curves.
218 S.Q. Rashidfrom Asians not only in their size and stature, but also in
their socioeconomic condition. Therefore, studies were
conducted to see whether those charts were suitable for us
or not, and the results showed that they were not [2e6]. In
this study, fetal growth charts were therefore constructed
from Bangladeshi population. This study produced, for the
first time in Bangladesh, fetal size charts that changed
smoothly with gestational age.
Fetal weight is one of the most important and most
sought-after parameters of fetal growth. In this study,
a table of estimated values was constructed after fitting
a model. At 13 weeks of gestation, mean EFW was 77 g
(19; 2SD) and at 40 weeks it was 3131.5 g (749), with 95%
CI of 2427e3836 g. The coefficient of multiple correlation
(R2) was 0.988 (p < 0.001), which indicates a good corre-
lation between the two variables. Assessment of goodness
of fit of model for SD was carried out. Fig. 3 shows the raw
residuals across gestational ages.
The 3rd, 10th, 50th, 90th, and 97th percentile curves were
derived by fitting a model superimposed on the observed
raw data. Regression analysis was performed and the model
showed a good fit to the data. It also showed that there wasFig. 3 Assessment of fit of model for estimated fetal weight:
plot of standard deviation score against gestational age.an increased dispersion of data and percentile curves as the
gestational age increased. This was also found in a previous
study on Caucasians [11]. Fig. 2 shows the percentile curves
without the raw data so as to assess any fetus’s growth
trend easily. In this study, the growth was slow up to the
26th week, and then it increased linearly up to the 40th
week of gestation, similar to the results of study by Hadlock
and co-workers [11].
In one study in Bangladesh, at 16 weeks of gestation,
EFW was 0.2 kg (0) and at 40 weeks of gestation, it was
3 kg (0.4). The EFW values were found to be less than the
Caucasian population [11] in the third trimester. From the
29th week onward, the difference increased gradually from
0.1 to 0.6 kg (40th week). This was most likely due to a racial
factor, as very poor and malnourished patients were not
included in this study and majority of the patients belonged
to the middle class. In another study in Bangladesh, the
mean (SD) was 2.86 kg (0.34) at 38 weeks, which rose to
3.1 (0.4) kg at 40 weeks, but did not increase thereafter.
The curve showed an upward linear trend from the 22nd
week onward, with the increase of fetal age, but flattened
from 40 to 42 weeks of gestation [6]. The mean EFW re-
ported in one study here at 38 week was 2998 g, but the
authors of this study used Hansmann’s formula that is based
on BPD and antero-posterior body diameter [12]. In an
Indian study, at 24 weeks of gestation, EFW was 595 g
(180) and at 40 weeks it was 3076 g (565) [13].
In a Japanese study at Osaka University, at 16 weeks of
gestation, the mean EFW was 137 g (29) and at 40 weeks it
was 3220 g (387).
In different studies conducted in Western countries, at
26 weeks mean EFW was 860 g and at 40 weeks it was 3280 g
[14], at 13 weeks the gestational age mean EFW was 73 g
(55e91; 95% CI) and at 40 weeks it was 3619 g (2714e4524)
[11], at 14 weeks the mean EFW was 93 g and at 40 weeks it
was 3788 g [15], at 14 week the mean EFW was 82 g and at
40 week it was 3863 g [16]. In a Brazilian study, at 20 weeks
of gestation, the mean EFW was 368 g and at 42 weeks it
was 3417 g [17]. Table 2 gives a comparison between this
study and other relevant studies in different parts of the
world and on different races.
Table 2 shows that the Bangladeshi mean fetal weight at
term is 0.2e0.8 kg smaller than the different Western
studies, but is comparable with the Indian and Japanese
studies. However, in the early second trimester, all studies
were comparable.Table 2 Comparison between this study and other rele-
vant studies.
Gestational
age (w)
EFW (g) Author (study country)
40 3131.5 (749) Rashid (Bangladesh)
40 3076 (565) Rajan et al (India)
40 3220 (387) Osaka University (Japan)
40 3619 (2714e4524) Hadlock et al (USA)
40 3863 Deter et al (USA)
40 3788 Ott WJ (Germany)
40 3280 Doubilet et al
42 3417 Cecatti et al (Brazil)
EFW Z estimated fetal weight.
Growth Profile by Estimated Fetal Weights 219In one postnatal weight study, at 22 weeks of gesta-
tion, mean EFW was 513 g (30) and at term it was
3462 g (13) [18].
The limitation of this study was that more poor class
could not be included as they rarely go to doctors when
pregnant due to their preference to deliver at home in the
traditional way, and even when they do go, they are unable
to recall their last menstrual period (LMP) correctly due to
illiteracy, which was necessary for this study.
Conclusion
The growth profile chart produced in this study is exclusive
for Bangladeshi population and can be useful for accurate
assessment of fetal weight and growth. It can especially be
useful in the third trimester for Bangladeshi as well as other
south Asian populations of similar stature. In the third
trimester, accurate fetal growth assessment is very impor-
tant for proper management of the fetus.
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